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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/GB00/02567 



Description, pages: 



1-16 



as originally filed 



Claims, No.: 

1-4 

Drawings, sheets: 

1/7-7/7 



as originally filed 



as originally filed 



ii th* *i« me nts marked above were available or furnished to this Authority in the 

These e.ements were available or furnished to this Authority in the fo.iowing ianguage: . which is: 

□ the .anguage of a translation furnished for the purposes of the international search (under Ru.e 23.1(b)). 
n ♦hoiannuaoe of publication of the international application (under Rule 48.3(b)). 

55.2 and/or 55.3). 

. „.iH„ and/or amino acid sequence disclosed in the international application, the 
3 - rrnXTpr^ 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

listing has been furnished. 
4. The amendments have resulted in the cancellation of: 



□ the description, 

□ the claims, 



pages: 
Nos.: 
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□ the drawings, sheets: 

. D This repon has been established as . (sonMroO -he smendm^ had no, bean made, sine. ,hay hava been 
considered la oo beyond the disclosure as liled (Rule 70.2(c)). 

report.) 

6. Additional observations, if necessary: 

V Reasoned statement under Art.Ce 35(2) with regard to novelty, inventive step or .ndustria, app.icabi.ity; 
cSSonfand exp.anat.ons supporting such statement 

1. Statement 
Novelty (N) 

inventive step (IS) Yes: Claims 



Yes: Claims 1-4 
No: Claims 



No: Claims 1-4 



industrial applicability (IA) Yes: Claims 1-4 

No: Claims 



2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects In the form or contents of the international app.teation have been noted: 
see separate sheet 

VIII Certain observations on the international application 

The toUOTring observations on the clarity ol the claims, description, and drawings or oh the question whether the 
cSmseTSly supported by the description, « made! 
see separate sheet 



INTERNATIONAL PRELIMINARY International application No. 
EXAMINATION REPORT - SEPARATE SHEET _ 



ad Section V 



1 Reference is made to the following documents: 
D1: WO-A-9845701 

D2- Chemistry And Industry. Chemistry And Industry Revew,gb,chem.cal 
Society. Letchworth (05-10-1998), (19), 792-793 

D3: US-A-5858195 .. mi i9 

D4: Journal Of Micromechanics & Microengineering.us.new York, Ny (01-12- 

1994), 4(4), 257-265 
D5: WO-A-0022428 

2 Document 01 (see e.g. Figure 3 with the text belonging to it) reveals a measuring 
system for inter alia measuring the solubility of a sample. The system compnses a 
sm^l volume region for introducing a predetermined amount of liquid to the region 
and a detector (24) which is able to directly or indirectly determine whether sohd 
samDle is removed from the region by the liquid. 

Z subiec.-n.aner ef claims 1 and 2 differ from what is known from D, merely ,n 
that they refers to a micro-fabricated solubility measuring system - which, 
seemingly, is not used in document D1. 

3 However the measure of down-scaling or shrink chemical and biological 

m^remen, systems down to a mlcro-feve. provides for a number of advantages 
which is dear to the skilled person in the art- see e.g. document D2. 
Cs he skilled person having a system such as that of D1 and being faced wrth 
rp'roblm of wanting to minimize his apparatus - e.g. in order to improve .ts 

in order .o enhance its on-site usability - would, when having regard 
ToTZu^ of document 02. no, hesitate ,o consider .he possibility of micro- 
fabricating his system. In doing so one would inevitably arrive a. the subject- 
SET* claims ; 1 and 2 which therefore do no. Ml me regui-aments of Art.de 
33(3) PCT as to inventive step. 

4 The methods of Claims 3 and 4 do also not fulfil the requirements of Artide 33(3) 
' PCT for reasons similar to those set out above, mutatis mutand,s. 
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5 It is not at present apparent which part of the application could serve as a basis 
' for a new claim which would fulfil the requirements as to inventive step as set out 
in Article 33(3) PCT. 

If the application is pursued in the national or regional phase a new mdependen 
claim should be filed containing the particular subject-matter which the applicant 
regards being patentable. The applicant should - when filing such a regional or 
national application - also indicate in a letter accompanying the application the 
Xence of the subject-matter of the new claim vis-a-vis the state of the art and 
the significance thereof. 



6. 



ad Section VIII 



Although claims 3 and 4 have been drafted as separate independent claims, they 
appear to relate effectively to the same method and to differ from each other on* 
with regard to the definition of the subject-matter for which protects is sought or 
in respect of the terminology used for the features of that subject-matte^ The 
Lrementioned claims therefore lack conciseness. Moreover, lack of Canty of the 
o aimTas a whole arises, since the two different independent claims could make 
difficult, to determine the matter for which protection is sought, and places an 
undue burden on others seeking to establish the exact exten of the protects. 
Hence, claims 3 and 4 do not meet the requirements of Art.cle 6 PCT. 



ad Section VI! 

7. in pursuing the application in the national or regional phase, then the following 
matters should also be dealt with: 

m Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
{ ) d^sed in the documents D1 - D4 is not mentioned in the descript,on, nor are 
these documents identified therein. 



(i'O 



Any new independent claim to be filed should be drafted in the two-part form in 
accordance with Rule 6.3(b) PCT, which in the present case would be 



INTERNATIONAL PRELIMINARY International application No. PCT/G BOO/02567 
EXAMINATION REPORT - SEPARATE SHEET 



appropriate, with those features known in combination from the prior art 
(document D1) being placed in the preamble (Rule 6.3(b)(1) PCT) and with the 
remaining features being included in the characterising part (Rule 6.3(b)(ii) PCT). 

(iii) Any information the applicant may wish to submit concerning the subject-matter of 
the invention, for example further details of its advantages or of the problem it 
solves, and for which there is no basis in the application as filed, should be 
confined to the letter of reply and not be incorporated into the application (Article 
34(2)(b) PCT). 
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ACTION 




Applicant 

ASTRAZENECA UK LIMITED et al 



Thic international Search Report has been prepared by this International Searching Authority and is transmitted to the applicant 
ISSSKSfS* «3 STs being transmuted to the Internationa, Bureau. 

This International Search Report consists of a total of 3 sheets. 

(?] it is also accompanied by a copy of each prior art document crted >n th.s report. 

1 nt LlTtole .anguage, the international search was carried out on the basis of the international application in the 
3 - HSuag Q e in which ifwls fHed, unless otherwise indicated under th,s ,tem. 

□ the Internationa, search was carried out on the basis of a translation of the international application furnished to this 

b w^r^ 

was carried out on the basis of the sequence listing : 
P] contained in the international application in written form. 

□ filed together with the international application in computer readable form. 
Q furnished subsequently to this Authority in written form, 
n furnished subsequently to this Authority in computer readble form. 

H the statement that the subsequently furnished wrfrten sequence listing does not go beyond the disclosure in the 
L - J international application as filed has been furnished. 

□ L statement 1 the information recorded in computer readable form is identical to the written seouence „st,ng has been 
furnished 

Q Certain claims were found unsearchable (See Box I). 
I | Unity of Invention Is lacking (see Box II). 



With regard to the title, 

[ — | the text is approved as submitted by the applicant. 

ITI the text has been established by this Authority to read as follows: iiftmar rn _ ncT cDMTMTMP, TUF 

MMO-FWRICATED SOLUBILITY MEASURING SYSTEM AND A METHOD FOR DETERMINING THE 
SOLUBILITY OF A SAMPLE 



5. With regard to the abstract, 

|X| the text is approved as submitted by the applicant 



6. 



The figure of the drawings to be published with the abstract is Figure No. 
[XI as suggested by the applicant. 
| | because the applicant failed to suggest a figure. 
□ because this figure better characterizes the invention. 



| | None of the figures. 
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Citations and explanations 

The subject matter of the claims as drafted does not 
involve an inventive step (PCT Article 33(3)). 



Reference 



is made to the following documents: 



Dl: US 3 760 761 
D2: US 4 549 499 



1. Claim 1 

The subject matter of Claim 1 does not involve an 
inventive step (PCT Article 33(3)). 

Document Dl concerns a towed line kite for carrying out a 
variety of measures at sea. Dl therefore belongs to the 
same technical field as the subject matter of the present 
application. 

The kite of Dl describes (see the whole document) the 
following features of Claim 1: 

a towed line kite, including a streamlined horizontal 
portion <2>, an upper portion (3, 4. 5. 6, 7, 1) rising 
towards the top of the horizontal portion (2) . with the 
horizontal portion (2) completely submerged and the upper 
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portion (3. 4, 5, 6, 7, i, partially submerged (part 6 7, 
wh en the kite supports an element (see abstract. Imes 1- 
3) of the line. 

- ™ differs from the subject matter 
The device of document Dl differs rro 

o{ Claim 1 in that in Dl. it is not explicitly specked 
that a flotation apparatus is concerned. In Dl it rs not 
S pecified whether the Kite renins on the surface of the 
ler when it is not driven by a watercraf t . Consequently, 
the kite of Dl cannot be considered to be a flotation 
apparatus . 

The problem that the present invention is intended to 
solve can therefore be considered to be that of proving 
a device as described in Dl that does not sink in the 
wate r when the device is no longer driven by a watercraf t. 

« is well known from the prior art that in order to 
increase the buoyancy of a device, it is sufficient to 
construct it with a larger voiume. Moreover, the use of a 
notation apparatus in the field of towed line devrces to 
carrY out a variety of measures at sea such that sard 
devices float is well known from the prior art (see D2, . 

IB consideration of the above points, combining the set of 
matures disclosed in Claim 1 is an ordinary ^hnrca 
st ep for a person skilled in the art. The subject matter 
o£ Claim 1 does not therefore involve an inventive step. 

2. Claims 3-7, 10 

DX contains the set of added features contained in Claims 
3-7 and 10. consequently, the subject matter of sard 
claims does not involve an inventive step (PCT Article 

33(3)). — — - " 
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3. Claims 2. 8 and 9 

The subject matter of Claim 2 as drafted is not considered 
to involve an inventive step (PCT Article 33(3)). 
Indeed, in Dl, the upper portion (3, 4, 5, 6, 7, 1) rises 
in part (see element 4) at the rear of the horizontal 
portion and therefore the present wording of Claim 2 
cannot be considered to involve an inventive step. 

The subject matter of Claims 8 and 9 does not involve an 
inventive step (PCT Article 33(3)) . 

Indeed, the fin keel housing in a slide of an element as 
well as the presence of horizontal fin keels on an element 

(in the case of Dl , they are present on the vertical 

element 4) are well known in the prior art. 
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MICRO-FABRICATED SOLUBILITY MEASURING SYSTEM AND A METHOD FOR DETERMINING THE 
SOLUBILITY OF A SAMPLE 

The invention relates to a micro-fabricated device for the measurement of the solubility or the 
rate of dissolution of a sample. Specifically the invention relates to an automated device for 
5 the determination of these parameters on large numbers of samples. 

The determination of the solubility of a sample or its rate of dissolution are important in 
various areas of the drug discovery process since many processes of interest to the research 
scientist are dependant on the solubility or rate of dissolution of the sample. Examples where 
10 this information is of value would include interpreting data of a sample in; an in vitro assay, 
oral absorption test, formulation studies, and in vivo bioavailability studies. 

Currently the pace of change in techniques and tools for discovery of biologically active 
molecules is increasing with the ability of combinatorial chemistry and multi-parallel 

15 synthesis (MPS) to rapidly provide large numbers of diverse samples to enter into the drug 
discovery process. In addition the mapping and sequencing of the genomes of many plants, 
animals and parasites, and the human genome, is already providing a growing number of new 
targets which may be used in biological tests. In the future it is to be expected that the number 
of biological targets is to grow even further. It is estimated that in the last 100 years of 

20 research only 400 human drug targets have been discovered whilst the human genome project 
will have sequenced at least 100,000 genes, many of which will code for important biological 
targets for drug therapy. 

However, synthetic techniques such as MPS and combinatorial chemistry provide relatively 
25 small sample sizes, for example in the microgram range. The limited sample sizes currently 
produced are not large enough to supply more than a few tests within the drug discovery 
process before the supply is exhausted. Therefore, resynthesis is required in order to restock ^ 
the chemical library. 



30 



In order to accelerate the rate of discovery of biologically active molecules, there is currently 
considerable interest in the measurement of physicochemical properties very early in the 
discovery process so that these factors may be used to influence future decisions on which 
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molecules to synthesis as samples for future testing. However, as described above, samples of 
potential interest may only be available in relatively small amounts i.e. <1 mg. There is 
therefore a strong need for methods of measuring solubility and rate of dissolution that can be 
applied to large numbers of samples without requiring proportionately more resources, and 

5 which are capable of dealing with small sample sizes. Conventional methods often employ 
complex separation steps which are time-consuming. Although these can be automated, the 
serial nature of the analysis, i.e. one sample at a time, still effectively limits the throughput. 
Automation may also lead to increased compound demands which is counter to the thrust of 
modern synthetic methods such as combinatorial chemistry and MPS and related technologies 

10 which, typically, do not produce large quantities of material. Therefore, for the large number 
of samples which are being prepared for testing, the traditional methods of measuring 
physicochemical properties are now prohibitively expensive and time consuming and can be 
performed on no more than a small percentage of the samples being prepared. 

1 5 Currently the techniques for the determination of solubility involve stirring the sample in an 
appropriate solvent until a saturated solution has been achieved, removing the excess 
compound, typically by filtration or centrifugation, and then analysing the resulting solution 
using some physical method, for example HPLC, MS or UV detection, one example of which 
is direct UV analysis. This method is tedious, labour intensive, requires a sample size of at 

20 least lmg, and the requirement for a physical separation can result in the production of 
erroneous data. One disadvantage of this technique is that fine solid particles maybe 
suspended in the saturated solution. To avoid this disadvantage separation techniques need to 
be thorough, for instance centrifugation typically is required at least twice for each sample, 
which adds further to the expense and time needed to achieve a measurement. To determine 

25 the rate of dissolution of a sample involves the need to make a number of measurements over 
a period of time. This increases test times, and also proportionately the amount of sample 
required. 

Therefore, there is a need to find simple, sensitive, high throughput approaches to the 
30 measurement of the solubility or rate of dissolution of a sample, especially in the 

pharmaceutical and agrochemical industry. Such a system should use small sample sizes, be 
quick (less than 3 hours) and be amenable to operation by a machine with minimal operator 
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input. In particular, miniaturised approaches operating on the picolitre / nanolitre / microlitre 
scale are particularly desirable, because of the large cost savings, potential for high 
throughput, and use of small sample sizes. Currently we are aware of no such techniques 
available which fulfil all the above requirements. 

5 Micro-fabricated devices have been used to develop laboratory techniques on the micro scale 
which require minimal operator involvement using very small amounts of sample. 

Micro-fabrication techniques are generally known in the art using tools developed by the 
10 semiconductor industry to miniaturise electronics, it is possible to fabricate intricate fluid 
systems with channel sizes as small as a micron. These devices can be mass-produced 
inexpensively and are expected to soon be in widespread use, for example, in simple 
analytical tests. See, e.g., Ramsey, J.M. et al. (1995), "Micro-fabricated chemical 
measurement Systems," Nature Medicine 1:1093-1096; and Harrison, D.J. et al (1993), 
15 "Micro-machining a miniaturized capillary electrophoresis-based chemical analysis system on 
a chip," Science 261:895-897. 

Miniaturisation of laboratory techniques is not a simple matter of reducing their size. At small 
scales different effects become important, rendering some processes inefficient and others 
20 useless. It is difficult to replicate smaller versions of some devices because of material or 
process limitations. For these reasons it is necessary to develop new methods for performing 
common laboratory tasks on the micro-scale. 

Devices made by micro-machining planar substrates have been made and used for chemical 
25 separation, analysis, and sensing. See, e.g., Manz, A. et al. (1994), "Electroosmotic pumping 
and electrophoretic separations for miniaturized chemical analysis system," J. Micromech. 
Microeng. 4:257-265. 

We have devised a micro-fabricated device which can be used to determine solubility and rate 
30 of dissolution with minimal operator involvement using very small amounts of sample. 
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We disclose as the first feature of the invention a micro-fabricated solubility measuring 
system comprising a microfabricated device having a region in the device for receiving solid 
sample and a liquid inlet for introducing a predetermined amount of a liquid to the region 
together with a detector which determines directly or indirectly if solid sample is removed 
5 from the region by the liquid. 

We disclose as the first feature of the invention a micro-fabricated solubility measuring 
system comprising a micro-fabricated device having a region in the device for receiving solid 
sample and a liquid inlet for introducing a predetermined amount of a liquid to the region 
1 0 together with a detector which determines directly or indirectly amount of solid sample 
removed from the region by the liquid. 

In this disclosure, the term "sample" includes any material, single compound or mixture, 
which may be put into solid form, whether biological or chemical, preferably the sample is an 
1 5 organic synthetic compound, ideally of MW < 1 000. 



In this disclosure, the term "region" means an area within the micro-fabricated device, which 
is able to accept and retain an amount of solid sample and allow that solid sample to come 

20 into contact with liquid in the device. The region may be formed as a surface on which solid 
material can be deposited and adhere as a continuous or discontinuous layer. Such a surface 
may already be part of the surface of the micro-fabricated device or may be applied as a 
coating. Preferably the surface incorporates one or more physical structures which define the 
region, such as indents, which aid retention of defined quantities of solid sample. The volume 

25 defined by the region may be in the range of sizes which may be created in micro-fabricated 
devices as described above, such as by etching or building up structures or by moulded 
replication of structures. Typical region volumes include from 1 nl to 1 Typical dimensions 
across regions may be in the range of sizes which may be created in micro-fabricated devices, 
typical ranges are from 10-1000um, preferably 10-100um. 

30 

Indents may be in the form of extended slots or grooves where the long dimension may exceed 
lOOOnrn. It wilt be appreciated that any number of indents may be arranged on the same 
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device, such as to form a pattern, such as a line or grid pattern. An indent may be formed by a 
depression in the surface of the microfabrocate device or within a raised structure on the 
microfabricated device. The indents may be sufficiently large to retain all the sample or large 
enough to retain at least part of the sample the remaining part being above the indent. 

5 

The process of deposition of sample into the region may involve compaction such that the 
solid cannot be physically washed away but must be removed by a process of dissolution, see 
Figure 1 . Alternatively the sample may be deposited by other processes of application such as 
a spray or, alternatively, the sample may be deposited from a solution by creating local 
10 environments in the region, such as a hydrophobic surface, which forces the compound out of 
solution, or by evaporation of the liquid and subsequent deposition of the sample. The 
process of deposition may be assisted by use of coatings to the surface of the region to attract 
and bind the sample. The solid sample is transferred to the region so that the amount and 
thickness of sample is controlled and measurable. Control of sample amount and thickness 
1 5 may be facilitated by features such as indents in the surface of the sample receiving region or 
by other means such as by applying sample to the microfabricated surface through a screen of 
known thickness, by controlling weight or volume of sample, and by deposition to the 
microfabricated surface of more sample than required and then removing excess by machining 
or etching means, and by combinations of such procedures. Sample deposition methods may 
20 include pressing solid sample onto a receiving surface, or deposition of mixtures or solutions 
of the sample in volatile carrier fluid. Samples may not be pure. Additionally the sample may 
contain solid material which may be insoluble in the solvent used to determine the solubility 
measurement and added to the sample to aid deposition and/or for formation of a controlled 
thickness of sample. Such solid materials which may be added may include fibres or ballotini. 

25 

The term "detector" includes devices, probes, sensors, indicators or such like which are able to 
determine the presence or absence of solid sample remaining in the region, either with or 
without the liquid present, or which are at least able to detect the presence or absence of 
sample, preferably the detector is able to measure, directly or indirectly the amount of solid 
30 sample remaining or removed from the region. The detector may operate alternatively by 
measuring sample present in the liquid. Examples of such detector methods include 
interferometry where the intensity of interference patterns of reflected light on the surface of 
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the device show the depth of sample in indents, surface acoustic wave sensors, elipsometry, 
use of radiation sources and sensors measuring attenuation though the solid sample layer, 
image analysis, spectrophotometry, chromatography or electrophoresis. Physical methods of 
detecting or measuring the depth of the sample in the region may be employed such as the use 
5 of a stylus. 

The detector of the system may be separate to the micro-fabricated aspects of the system ("off- 
device") or in a preferred alternative option may also be an integrated micro-fabricated feature 
of a micro-fabricated solubility device ("on-device"). A variety of different detection methods 
10 are described below as preferred features: 

1 . The thickness of the solid sample is defined by means of a micro-engineered 
feature such as an indent which allows integral calibration for detection methods 
applied to a range of solid samples whose physical properties such as refractive index 

1 5 and spectral absorbencies are not known a priori. This is particularly valuable for 

elipsometry. 

2. Most solid samples of interest are insulators or at least poor conductors of 
electricity. Dissolution of such solid samples from an electrode surface into an 

20 ionically conducting liquid may be monitored by electrical impedance measurements. 

Indents formed so that the base only of indents is electrically conducting allows those 
conductive bases to be used as electrodes. Coverage of the conductive indent bases 
may be monitored using electrical impedance between electrode and solution, with a 
substantial decrease in impedance signalling the dissolution of material covering the 

25 electrode. 



3. Direct detection or measurement of the dissolved sample in solution can be 
difficult, such as by the use of UV or visible radiation detection methods, if the sample 
is only weakly absorbing or fluorescent. Alternative indirect technique may be used 
30 which employ direct measurements of indicator material. In one indicator based 

method a thin layer of a selected indicator material deposited on the solid receiving 
region and then covered with the solid sample. Preferably the indicator material is 
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deposited as a thin film over the bases of any indent which is then filled with solid 
sample. Exposure of the indicator material or release of the indicator material into 
solution is delayed until sample dissolution is near completion, and its appearance on 
the surface or in solution acts as an end point signal. Indicator materials may be 

5 detected on or off device by the use of, for example, UV detection of fluorescent 

compounds. Low mobility and relatively low solubility, in the solvent used, indicator 
compounds are preferred so that the indicator does not permeate through the sample 
nor promote release of the sample from the surface. In a second indicator bed method , 
the indicator is mixed with the sample so that the dissolution of the sample releases 

1 0 indicator into the solution, dissolved or suspended, and the quantity of such released 

indicator is used as a measure of the sample dissolution. The indicator for this method 
should not interact with the substance being measured and may be a fine insoluble 
powder. 

l5 4 As an alternative to producing indent type structures in the solid sample 

receiving region which are filled with sample and then progressively revealed as 
dissolution proceeds an optically monitorable feature may be produced by a series of 
features made from solid sample on a plane surface of the microfabricated device. 
These features may form diffraction structures. Where the diffraction structures are 

20 formed by indents the process of sample dissolution allows development of the 

diffraction pattern, while for diffraction structures formed from the sample on a plane 
surface the process of dissolution is accompanied by a decrease in the size of the 
features and reduction in the intensity of any diffraction effects. Such raised features 
formed from the solid samples may be formed by deposition through masks or grids 

25 but do require that the sample adheres well to the substrate surface. The use of 

indented structures provides more tolerance of variation in physical properties and 
sample substrate adhesion. 

Additionally the device may contain an outlet for removal of the liquid where the liquid is 
30 desired to be removed in order for the particular detector used to make the requisite 
measurement. 
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We disclose as a further feature of the invention a method for determining the solubility of a 
sample in a micro-fabricated device the method comprising: 

(1) introducing a predetermined amount of liquid to a solid sample containing region within 
the micro-fabricated device; 
5 (2) measuring the amount of solid sample removed from the region by the liquid; 

(3) determining the solubility of the sample by reference to the measurement of solid sample 
removed from the region and the amount of liquid used. 

Due to the smaller quantities of liquid and sample which may be used diffusional distances 
10 within the liquid can be dramatically lowered allowing for equilibrium to be reached 

efficiently without the need for convective or advective mixing. However movement of liquid 
may be employed to enhance or control dissolution rates. 

Different samples will reach the point of equilibrium at different rates, this is known as the 
15 rate of dissolution. The rate of dissolution of a sample may be affected by many different 
factors such as the morphology or surface area of the sample, chemical kinetic factors at the 
solid/ solution interface, permeation of pores within the solid by solvent, and transport of 
dissolved material in the solvent by convective, advective, or diffusive processes. Within 
microstructures it is possible to limit convective or advective and in particular turbulent fluid 
20 transport so that diffusion may be the dominant mode of transport of dissolved material. 

Where diffusive transfer is the limiting factor the dissolution rate is related to the length of the 
path through which the dissolved solute molecules diffuse and the geometry of the fluid body. 
Diffusive transfer rates will generally be inversely related to the square of the path length. 

25 Typically diffusion coefficients (D) of samples of the size range of interest (MW of a few 
hundred) will be -lO' 6 em's 1 and have diffusive transfer times across a path length (L) which 
maybe derived from expressions of the type Dt/L 2 = 0.01 to 1 second, where Dt/L 2 = 0.01 
approximates to a diffusion front reaching a distance L from source plane, and Dt/L 2 = 1 
corresponds to near completion of the diffusive process (concentration gradient across L being 

30 nearly eliminated). Approximate times for reaching diffusive equilibration (Dt/L 2 = 1) at ^ 
different path lengths (L), in which the solid material must travel, based on D = 1 0" 6 cmV 



are: 
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L= 10 um t=lsec 

L=100um t= 100 sec 

L=lmm t= 2.8 hours 

5 L=lcm t= 280 hours 



About 50% of the diffusive transfer will occur in about a tenth of the above times. Based upon 
a static liquid for relatively rapid equilibration by diffusion alone the distance L across the 
10 liquid from solid surface should not be greater than 100 um. This has an impact on the liquid 
volume which may be used in static liquid device of the invention, i.e. preferably a liquid 
volume up to lOnl, preferably up to 5nl. 

The consequent limitation on liquid volume can however be readily removed if the liquid is 
15 mixed by convective/advective processes within the device and this is a further feature of the 
invention. Most simply the fluid is stirred in situ, e.g. by small magnet stirrer, such as beads, 
or the fluid may be recirculated over the solid. Alternatively the liquid may be removed to a 
mixer chamber and then reintroduced to the compound. This may avoid problem with 
mechanical abrasion on the solid solute surface generating suspended matter, and maybe 
20 more compatible with in situ observation/monitoring of the dissolving solid surface. 



Typical amounts of sample which may be used in this device range from 1 ng to 1 mg, the 
minimum figure corresponds to the region being and indent corresponding to a 10 micron side 
cube. Typical amounts of liquid used in this device range from 1 nl to 1 ml, the minimum 

25 liquid volume corresponds to a 100 um side cube. A chamber within the device for presenting 
liquid to the solid sample need not be in the form of a cube but for rapid diffusive transfer no 
portion of fluid within the chamber should be maintained at a distance from the solid sample 
much greater than lOOum. It may be useful to present a small solid filled indent to a very large 
volume of stirred liquid to determine a maximum dissolution rate in the absence of any 

30 tendency to saturate. 
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It will be appreciated that a true measurement of the solubility of the sample is only possible 
once sufficient time has elapsed for the sample to be fully dissolved and equilibrium is 
reached. 

5 It will be appreciated that the amount of liquid used will limit the maximal measurement of 
solubility that may be determined, for example if O.Olmg of solid sample is fully dissolved in 
0.01ml of liquid then the maximum determined measurement of solubility of the sample is - at 
least lmg/ml- the exact measurement could be close to this figure or higher. However, in 
certain fields it is more useful to determine which samples are poorly soluble in a certain 

10 solvent, or that a sample has at least a certain value of solubility in a solvent. Therefore, such 
limitations are not necessarily critical and the amount of liquid used maybe selected such that 
if all the sample is dissolved in the liquid then the solubility of the samples is acceptable or if 
any sample remains then the sample is not sufficiently soluble. In such systems it is not 
necessary that the detector measures the amount of solid sample removed from the region by 

1 5 the liquid. The detector need only determine the presence or absence of compound in the 
region. Where the amount of solid sample deposited in the region and the amount of liquid is 
known then the absence of any solid sample at the region after exposure to the liquid indicates 
a minimum solubility that the sample possesses. The parameters of sample deposited and 
liquid used may be set such that the minimal solubility measured is at a cut of point to indicate 

20 whether the sample passes or fails the test. 



It is possible that the rate of dissolution of a sample can be measured in the same system or 
device as described above by measuring the amount of sample removed from the region by the 
25 liquid at various time points before equilibrium is reached. 

As a further feature of the invention we disclose a method for determining the rate of 
dissolution of a sample in a micro-fabricated device the method comprising: 

(1) introducing a liquid to a solid sample containing region within the micro-fabricated 
30 device; 

(2) at time points after introduction of the liquid measuring the amount of solid sample 
removed from the region; 
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(3) determining the rate of dissolution by reference to the measurement of solid sample 
removal from the region and the amount of liquid used over time. 

Measurement of rate of dissolution may be carried out where the liquid, preferably of 
5 predetermined volume, is presented to the solid sample and remains static while 
measurements are performed. Alternatively dissolution rates maybe carried out by 
measurement with the liquid volume stirred or recirculated, as described above, or where fresh 
liquid is fed through the chamber containing the solid sample receiving region. 

1 0 Additional steps which may be performed in the above methods include extracting the liquid 
prior to taking the measurement of solid sample removed from the region and/or an initial step 
of introducing the solid sample into the region of the micro-fabricated device. 

It should be understood that the arrangement, type and dimensions of the device and the 
1 5 components therein will vary according to the use or application. 

In this disclosure, the term "micro-fabricated" includes devices including structures capable of 
being fabricated with lengths in one or more dimensions of less than 1 mm, and especially 
fabricated on or into planar solid substrates such as silicon wafers using methods readily 
20 available to those practising the art of silicon micro-fabrication. Such micro-fabricated devices 
may have feature of sizes and geometries producible by such means such as photolithography, 
isotropic and anisotropic etching by wet or dry methods, thick and thin film deposition 
methods including printing, screen printing, spin and dip coating, evaporation, sputtering, 
chemical vapour deposition, LIGA, thermoplastic micro-pattern transfer, resin based micro- 

25 casting, micro-moulding in capillaries (MIMIC), laser assisted chemical etching (LACE), 
and reactive ion etching (RIE), or other techniques known within the art of micro- 
fabrication. Planar substrates such as silicon wafers may accommodate single devices or a 
plurality of the devices of this invention in the same or a plurality of configurations. Wafers 
are available with standard sizes which include wafers with diameters of 3" (7.5cm), 

30 4 M (10cm), 6"(15cm), and 8"(20cm), but the structures may be formed on substrates of other 
dimensions. Application of the principles presented herein using new and emerging micro- 
fabrication methods is within the scope and intent of the invention. 
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In this disclosure, the term "liquid" means any liquid for which the solubility of the sample is 
desired to be determined within, for example aqueous, non-aqueous, protic, aprotic, buffered 
or non-buffered, or mixtures of any thereof. The liquid may interact with the solid sample 
5 simply to achieve physical dissolution alone or may effect some chemical reaction including 
ionisation, ligand addition, solvation or hydrolysis. Liquid is introduced to the region such that 
the liquid and solid sample are brought into contact. Ideally the liquid is delivered as a 
predetermined volume of liquid. The liquid may be delivered such that it remains static over 
the solid sample for a period of time prior to or after the measurement is made by the detector. 
10 Alternatively the liquid may be streamed across the solid sample containing region and the 
measurement taken during or after streaming has been completed. In a further alternative the 
liquid is streamed over the sample several times by continuous recirculation or by an 
oscillating motion of the liquid. In a further alternative version the liquid is removed from the 
solid sample, mixed, and then reintroduced to the solid sample. Motion of the liquid may be 
15 achieved by the use of physical forces, such as pressure, inertial forces, capillary forces, or the 
application or variation of electric or magnetic fields. Non liquid fluids such as super critical 
fluids and gases and vapours may be substituted for liquids in the above description with the 
process of dissolution into a liquid being equated generally to the transfer of solid as 
molecular species into the fluid phase. For gases or vapours the process of solid transfer into 
20 the gas phase which may be characterised may include evaporation, sublimation, or reaction 
such as oxidation generating gaseous or volatile products. 

In many of the structures and methods described within a fixed quantity of solvent fluid is 
presented to the solid substance. This may be delivered as slug of fluid between two regions 
25 of a second fluid immiscible with the solvent and in which the solid is not able to dissolve . 
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This other fluid might preferably be a gas,such as air or nitrogen, or argon, The slug of solvent 
fluid could be driven into or through the region containing the solid substance or repeated 
exposure of the solid substance to the solvent can be achieved by oscillating the fluid slug by 
pumping of the second fluid. The solvent fluid may be moved to a solution analysis region 
5 where it can be measured/monitored by an analytical means such as UV absorption or mass 
spectrometry. A slug of solvent may be driven repeatedly between substance contact and the 
analytical region to allow dissolution rate to be monitored towards saturation and 
determination f the solubility. 

As described above the option to recirculate or mix the liquid allows for a larger volume of 
10 liquid to be used without unduly extending the time needed to allow diffusional equilibrium. 
Therefore, in a preferred aspect, liquid of up to 1 ml or above may be used, preferably up to 
0.5ml, and ideally up to lOOul. 

By high throughput we mean that the invention can achieve a throughput substantially higher 
15 than conventional means often 10 to 100 fold increases. In order to achieve the higher 

throughputs, the method optionally involves parallel processes, i.e. multiple indents are used 
in parallel. One sample may be tested with several different liquids or several samples may be 
tested with one or several liquids. 

20 The invention also allows for the simple measurement of the rate of dissolution by placing 
several identical samples in parallel regions and for each sample exposing it to the liquid for 
different periods of time. Alternatively the above mentioned process may also simultaneously 
measure solubility by allowing one or more samples to equilibrate with the liquid. 
Alternatively the rate of dissolution is measured by taking measurements of the solid sample 

25 remaining in the indent at various time points after application of the liquid, necessitating a 
detector which can operate with the liquid present on the sample, and optionally a final 
measurement of solubility once equilibrium has been reached. 

In particular we describe as a feature of the invention an on device detection system where the 
30 disappearance of the solid is determined using optical techniques, such as interferometry, see 
Fig 2. The light focused on the sample produces an interference pattern on a suitable focusing 
device by virtue of the scale and the physical arrangement of features of the grid or mesh and 
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the wavelength of light. As the compound dissolves the intensity of the interference pattern 
will change. The rate of change will be related to the rate of dissolution of the compound. 

The invention is illustrated below by the following non-limiting examples. 

5 

Examples 
Optical Detector 

Using an arrangement as shown in Figure 2 a diffraction pattern is produced, where the 
10 horizontal surfaces of the micro-fabricated device are reflective and the compound is less 
reflective than the surface of the micro-fabricated device. As the compound dissolves lower 
reflective horizontal surfaces of the micro-fabricated device are exposed. This will not affect 
the position of the diffraction pattern but will intensify the lower order diffraction bands. 
Whilst we do not wish to be bound by theory the intensity of the bands is governed by the 
15 formula 

1(0) = KQ) (SinpVp) 2 (SinNo/Sina) 2 
N 2 

20 where I (0) is the central peak intensity, N is the number of grating lines and where 

a = ka and p = kb 
2 2 

25 where k is the order number, a is the pitch of the grating and b is the width of the reflective 
horizontal surfaces of the micro-fabricated device. 

Therefore, as compound dissolves 'a' will remain constant and V will increase. At the point 
that all compound dissolves the surface will be completely reflective and there will be no 
30 diffraction pattern. To avoid complicating interference effects the difference in path length 
for reflections from each layer of reflective surface will preferably be multiples of the 
wavelength of light in the medium in which measurements are carried out. Where 
measurements are carried out without removal of the solvent the medium will be the solvent 
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used For light incident at an angle 6 normal to the reflective surfaces, the height difference 
between reflective surfaces should preferably be multiples of'/, of the wavelength of light and 
cosine 9 To enable this restriction to be more easily accommodate the light source may 
include or encompass a range of wavelengths and the detection system provide wavelength 
5 selectivity, for example by the use of filters. 

Alternatively, some wells or areas of wells of the device shown in Figures 1 and 2 may be left 
unfilled with compound while others contain compound so that the unfilled areas provide a 
reference. Where the liquid has been allowed to reach an equilibrium composition, the 
10 inclusion of such reference wells without solid sample content allows compensation for 
effects of refractive index and refractive index change. 

Figure 3 shows the output expected from a device of Figure 2. 

1 5 Alternative grating based optical methods may be used to measure the dissolution of solid 
compound from a surface. Using structures of the type represented in Figure 4 allows the 
periodicity of a grating to be altered as solid compound dissolves. In the example shown in 
Figure 4 the dissolution of sample within the indents so that the solid sample surface initially 
at position 1 is changed to position 2 exposing a reflective surface in the centre of a well or 

20 trench will double the number of lines per unit length of the grating. This change m gratmg 
period enables detection by means of a change in diffraction angles or spectral shift. Similar 
arrangements where other changes in grating feature spacing are achieved may be achieved by 
different positioning of reflective surfaces in the wells. 

25 An alternative arrangement indicated in Figure 5 employs the progressive exposure of a group 
of adjacent steps to generate an expanding grating or reflective surface which can be 
monitored optically. 



Flectrochemica l Detector 

30 
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Forming a series of wall structures overlying a conductive electrode structure allows sample to 
be retained on the electrode surface contained in indents. Exposure of the electrode by 
dissolution of the sample is monitored by monitoring a cell impedance as indicated in Figure 6 



Mass Detector 

Alternatively we describe a device where disappearance of the compound is detected by piezo 
sensors such as quartz crystal devices and which may include Surface Acoustic Wave sensors, 
which are particularly suited to operation on a miniaturised scale. Such sensors provides an 
output related to the mass of material adherent to the device surface. A plane mass sensor witt 
sample feature formed on the structure is illustrated in Figure 7. 
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Claims 

1 . A micro-fabricated solubility measuring system comprising a microfabricated device 
having a region in the device for receiving solid sample and a liquid inlet for introducing a 

5 predetermined amount of a liquid to the region together with a detector which determines 
directly or indirectly if solid sample is removed from the region by the liquid. 

2. A micro-fabricated solubility measuring system as claimed in claim 1 wherein the 
detector determines directly or indirectly the amount of solid sample removed from the region 

10 by the liquid. 

3. A method for determining the solubility of a sample in a micro-fabricated device the 
method comprising: 

(1) introducing a predetermined amount of liquid to a solid sample containing region within 
15 the micro-fabricated device; 

(2) measuring the amount of solid sample removed from the region by the liquid; 

(3) determining the solubility of the sample by reference to the measurement of solid sample 
removed from the region and the amount of liquid used. 

20 4. A method for determining the rate of dissolution of a sample in a micro-fabricated 
device the method comprising: 

(1) introducing a liquid to a solid sample containing region within the micro-fabricated 
device; 

(2) at time points after introduction of the liquid measuring the amount of solid sample 
25 removed from the region; 

(3) determining the rate of dissolution by reference to the measurement of solid sample 
removal from the region and the amount of liquid used over time. 
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